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We consider an influence of a non-stationary gravitational field of the Galaxy on the visible
positions of extragalactic sources. A contribution of the baryonic component of the galactic
matter as well as of the hidden matter (including a population of brown dwarfs) were took
into account. The observed variations of the deflection angle of light rays in a gravitational
field of randomly moving point-like masses can be considered as a stochastic process. Using
such an approach we constructed an autocorrelation function of studied stochastic process
and found that its relative changes are about 15% for one year and about 35% for ten years.
In the nearest future technologies will allow one to carry out extremely accurate radio in-
terferometrical observations with an angular resolution of 1µas and optical observations with
the accuracy of 10µas per year. Such an accuracy requires to take into account effects of the
general relativity, arising during the propagation of electromagnetic waves in non-stationary
gravitational fields. In this respect it is very important to estimate an amplitude of changes of
observed positions (coordinates) of extragalactic sources due to the propagation of their emis-
sion in the non-stationary gravitational field both visible stars in the galactic disk/bulge and
invisible massive objects in the halo.
Measured source coordinates are the random functions of time, therefore variations of the
light-ray deflection angle from the direction between the source and observer can be considered
as a stochastic process. This process can be described by several statistical values – the math-
ematical expectation, dispersion and correlation (or autocorrelation) function of the process
under consideration.
The electromagnetic signal from a distant extragalactic source is propagated in the grav-
itational field of N arbitrary moving point-like bodies with different masses. To simplify our
calculations we assume that velocities of deflecting bodies do not change in time and the small-
est distance between the photon and a deflecting body is much smaller compared to any other
distances in the system. Then the deflection angle of the light by the a-th body from the straight
line equals 1:
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where ~k is the unit vector, directed from the source to the observer, ~xa,ma, ~va – coordinates,
mass, velocity of the a-th deflecting body, respectively, ~ra – the distance between the point ~x(t)
at the photon trajectory and the a-th deflecting body, c – the speed of light in vacuum, G –
the gravitational constant, Pij = δij − kikj – the operator of the vector projection on the plane,
which is perpendicular to ~k.
A deflection of electromagnetic signals in the non-stationary gravitational field of the Galaxy
is a random process ε(t):
Figure 1 – The autocorrelation function. Dashed lines mark one and ten years periods.
ε(t) = α(t)− 〈α(t)〉, (2)
where 〈α(t)〉 = 0. For a stationary noise process, the autocorrelation function depends not on
the individual times ti and tj, but only on their difference τ and can be written as
ℜ(t, τ) =
∫
dmad~xad~vaf(ma, ~xa, ~va)ε(t,ma, ~xa, ~va)ε(t+ τ,ma, ~xa, ~va), (3)
where we assume that the statistical ensemble of deflection bodies is defined by uncorrelated
parameters, so the distribution function can be approximated by the product of three statistically
independent distribution functions 2
f(ma, ~xa, ~va) ∝ f(ma)f(~xa)f(~va). (4)
We use an exponential function of the Kroupa model 3 as the mass distribution function of
deflection bodies. Let us consider two model density distributions: a multi-component model of
the Galaxy 4 which include population of brown dwarfs 5 and a four-component model of the
Galaxy 6,7. The velocity distribution is a truncated Maxwellian profile.
The calculated autocorrelation function is shown in Fig.1, its changes are about 15% for one
year and about 35% for ten years.
Acknowledgments
TL acknowledge the support by the grant NSh-4235.2014.2, AL acknowledge the support by the
grant RFBR 13-02-12094.
References
1. S. M. Kopeikin and G. Schafer, Phys. Rev. D 60, 124002 (1999)
2. T. I. Larchenkova and S. M. Kopeikin, Astron. Lett. 32, 18 (2006)
3. P.Kroupa, Science 295, 82 (2002)
4. W. Dehnen and J. Binney, Mon. Not. R. Astron. Soc. 294, 429 (1998)
5. G. Chabrier, Publ. Astron. Soc. Pac. 115, 763 (2003)
6. J. N. Bahcall and R. M. Soneira, Astrophys. J., Suppl. Ser. 44, 73 (1980)
7. J. N. Bahcall, Ann. Rev. Astron. Astrophys. 24, 577 (1986)
